Capsaicin (8-methyl N-vanillyl-6 nonenamide), an active compound extracted from Chilli peppers, is widely used for treatment of rheumatoid arthritis, osteoarthritis, diabetic neuropathy and postherpetic neuralgia.
Topical application of this drug can avoid the first-pass metabolism. Moreover, due to the long period of treatment cycle, 5) topical therapeutical systems (TTS) is very suitable for capsaicin.
Microemulsion is a single optically isotropic and thermodynamically stable liquid mixture of oil, water, surfactant and cosurfactant. Due to its advantages, for example, easy making, good stability, enhancing skin permeation and protecting drug against oxidation, 6) microemulsion has become a potential TTS for both hydrophilic and hydrophobic drugs. 7) The structure of microemulsion consists of a disordered, connected surfactant monolayer separating the two solvent domains. It is "balanced" in the sense that this monolayer sheet has no preference in curving toward either of the two solvents.
8) The conditions of microemulsion formation are as follows: (1) very low interfacial tension at the water-oil interface; (2) a highly fluid interfacial surfactant film; (3) the penetration and association of the molecules of the oil phase with the interfacial surfactant film. 9) However, in a microemulsion system, there is commonly a high ratio of surfactants in the formulation, therefore, they may affect the skin barrier function and cause potential risks of irritation and toxicity in long-term application. 10, 11) Furthermore, some researches have demonstrated that the increased concentration of surfactant can depress the permeation rate of drugs. [12] [13] [14] [15] This article was intended to investigate the potential of a new microemulsion formulation without surfactant for topical drug delivery of capsaicin. Surfactant-free microemulsions were prepared in other fields, [16] [17] [18] but were not used in topical pharmaceuticals. The novel microemulsion was based on benzyl alcohol and short-chain alcohol. Benzyl alcohol is a potential transdermal enhancer and has an amphiphilic molecular structure, 19) which is helpful for the formation of microemulsion, 16) and can be used as oil phase in microemulsions. 20, 21) Furthermore, benzyl alcohol is a commonly used drug for local anesthesia and alleviating itching, thus, it may be helpful to reduce the side-effects of capsaicin.
MATERIALS AND METHODS

Materials
Capsaicin was purchased from Nanjing Tianshu Bioengineering Co., Ltd. (Nanjing, China). Benzyl alcohol (BA), propylene glycol (PG), ethanol (EA) and n-butanol were obtained from Tianjin 1st Chemical Agent Factory. Tween 80 (Polysorbate 80) was purchased from Shanghai Chemical Co., Ltd. Water was double distilled in a quartz inferior-boiling apparatus. Methanol was HPLC grade. The other chemicals were analytical grade or pharmaceutical grade complied with 2005 Chinese pharmacopoeia standard.
Construction of Phase Diagrams
In order to determine the concentration range of components for the existing range of microemulsions, ternary phase diagrams were constructed using water titration method at room temperature (25°C). For each phase diagram, the ratios of oil to cosurfactant were varied as 1 : 9, 2 : 8, 3 : 7, 4 : 6, 5 : 5, 6 : 4, 7 : 3, 8 : 2, 9 : 1, or 10 : 0. Water was added drop-wisely into the mixture stirred by a magnetical stirrer to reach equilibrium quickly. The phase boundary was determined by observing the changes of the sample appearance being from turbid to transparent or from transparent to turbid. The content of each component in solutions was derived from precise mass measurement. No attempt was made to distinguish among oil-in-water, waterin-oil or bicontinuous type microemulsions.
Preparation of Microemulsion, Cream and Hydrogel of Capsaicin After the microemulsion regions in the phase diagrams were determined, the microemulsion formulations were selected at different component ratios as described in Table 1 . In order to prepare the drug loaded microemulsions, measured capsaicin was dissolved in benzyl alcohol. Then the cosurfactant was mixed with the oil and water was added to the oil phase. The mixture was stirred by a magnetical stirrer for 10 min.
The capsaicin cream was prepared as follows. 22 ) Stearic acid 12.0 g, lanolin 2.0 g, liquid paraffin 14.0 g and stearyl alcohol 1.0 g were melt in 80°C water bath and 75 mg of capsaicin was dissolved in the mixture to form a uniform oil phase. The mixture of glycerine 5.0 g, trolamine 2.0 g and water 64.0 g was heated to 80°C as the water phase. With agitation the water phase was added to the oil phase slowly and kept stirring until the cream dropped to room temperature.
The capsaicin hydrogel was prepared as the formulation F15 containing 6% carboxymethyl cellulose sodium salt according to the study by Wang et al. 23) The microemulsion, cream and hydrogel formulations were used to perform in vitro experiments after 24 h of preparation. In all of the formulations, the content of capsaicin was 0.075% (w/w).
Characterization and Stability of Microemulsions
The droplet size distribution of the microemulsions was measured by dynamic light scattering (DLS) using a Zetasizer HS3000 instrument (Malvern Instruments, England). The measurement was performed by backscatter at a fixed angle (90°) at 25°C.
The electrical conductivity was determined by DDS-307 conductivity meter (Shanghai Leici Instrument Co., China). All of above measurements were carried out at 25°C.
The centrifuge tests were carried out to assess the physical stability of microemulsion. Microemulsion vehicles were centrifuged for 30 min at 13000 rpm and for 4 h at 4000 rpm in the centrifuge test. 24) Microemulsions were sealed in ampoules and stored at Ϫ4°C and 80°C for 10 d. Then the concentration of capsaicin was measured to judge the chemical stability.
In Vitro Skin Permeation Study The abdominal skins were obtained from Sprague-Dawley rats (males, 200-300 g). After hairs were removed with an electric clipper (Walh, U.S.A.), the skins were excised. The extraneous tissues were trimmed surgically and the subcutaneous fat was wiped off with isopropyl alcohol. Then the skins were washed off isopropyl alcohol with water and examined for integrity. The permeation experiments were performed using Franz diffusion cells. The skins were clamped between the donor and the receptor chambers of vertical diffusion cells. The cell had an effective diffusion area of 2.83 cm 2 and a 7 ml receptor volume, and filled with ethanol-pH 7.4 PBS (1 : 1, v/v) 23) maintained temperature at 37°C. The formulations (2.0 ml or 2 g) containing capsaicin were gently placed in the donor chamber. At 2, 3, 4, 6, 8, 10 and 12 h, all of the solution in the receptor chambers was withdrawn for HPLC determination and the chambers were immediately refilled with fresh solution. Each sample was performed in triplicate. The cumulative amount (Q t ) was calculated from the following equation:
where C t is the drug concentration of the receptor solution at each sampling time, C i is the drug concentration of the ith sample, and V t and V s are the volume of the receptor solution and the sample, respectively. Data were expressed as the cumulative capsaicin permeation per unit of skin surface area,
The permeation rate of capsaicin at steady-state (Js, mg · cm Ϫ2 · h Ϫ1 ) through rat skin was calculated from the slope of linear portion of the cumulative amount permeated through the rat skins per unit area versus time plot. 24) HPLC Analysis of Capsaicin Samples were analyzed by a modified HPLC method described previously. 25) The analytical column is Shimadzu ODS VP (5 mm, 4.6ϫ25 cm). The mobile phase is methanol-water-H 3 PO 4 (85 : 15 : 0.1) at the flow rate of 1.0 ml/min. The validation of analytical method was made prior to the experiments.
RESULTS AND DISCUSSION
Phase Studies Cosurfactant can decrease interfacial tension between oil and water in microemulsion and adjust the flexibility of interfacial membrane, which is an important factor for the formation of microemulsion without surfactant. This study chose short-chain alcohols as cosurfactants. 15, 26) Phase diagrams were used to determine the concentration range of components for the existence range of microemulsions. The ternary phase diagrams with various cosurfactants were shown in Fig. 1 . The transparent microemulsion region was presented in phase diagrams. No distinct conversion from water-in-oil (w/o) to oil-in-water (o/w) microemulsions was observed. The diagrams of microemulsion including propylene glycol had isotropic region, which was similar to that of ethanol. The order of the addition did not change the physicochemical properties of the microemulsions. The area of microemulsion using n-butanol as cosurfactant was much smaller compared to propylene glycol and ethanol. It may be because propylene glycol and ethanol are miscible with benzyl alcohol and water, and can distribute in the oil and the water phase, then decrease the interfacial energy between the two phases. However, the solubility of n-butanol in water is smaller than that in propylene glycol and ethanol, and it cannot effectively reduce the tension of interface between oil and water.
Characterization and Stability of Microemulsion Study
In order to discriminate the true solution from microemulsion of the systems, the droplet size of systems was measured by DLS and the results were summarized in Table 2 . The F4 and F8 containing 30% cosurfactant, propylene glycol and ethanol, respectively, had the lowest average droplet size. For propylene glycol and ethanol, the average droplet size decreased as the oil increased. On the contrary, it increased with the increased amount of Tween 80. With propylene alcohol and ethanol as cosurfactant, there was not very distinct difference between their droplet sizes in a similar systems. It was surprising that when the ratio of oil was below 15% using propylene glycol as cosurfactant, the droplet size detected was much bigger than 760 nm, the wavelength of visible light; however, the systems were clear, thermodynamically stable and isotropic mixtures with all the characteristics of microemulsion. Such phenomenon was also discovered by previous studies. 16, 27) In the systems with low oil fraction, there is a high ratio of propylene glycol, and this relatively high ratio of cosurfactant could distribute into the oil phase, which causes the oil droplet similar to amphiphilic particles. In a dynamic equilibrium course, these droplets are incorporated into the outer phase and also dispersed as inner phase. They are dynamic systems in which the interface is continuously and spontaneously fluctuating. 28) The high radius can be explained as a temporal, apparent and aggregated radius. 27) In an o/w system, the phenyl groups of benzyl alcohol aggregate together and the groups of -CH 2 OH are arrayed toward the outer phase. But the water molecules aggregate at the centre combined with the group of -CH 2 OH in a w/o system. The droplet size of the system with 10% water, 42.8% oil and 47.2% cosurfactant could not be detected out. The water molecule is smaller than that of benzyl alcohol and propylene glycol. In the low water fraction system, the water molecules are uniformly dispersed in the system linking with hydroxyl group of benzyl alcohol and propylene glycol by hydrogen bond, and the mixture become a true solution system. 29) The molecular weight of Tween 80 is much bigger than that of benzyl alcohol and it can form a stable film at the interface of the two phases. Such a droplet can load more oil or water, which leads to a bigger dropsize of the microemulsions.
In all of the microemulsions without surfactant, the conductivity was much smaller than that of the systems with Tween 80.
The centrifuge tests showed that all microemulsion had good physical stability. However, the phase separation was observed when vehicles stored at Ϫ4°C. But they recovered clear after shaking gently when they stored in room temperature for a few minutes. The capsaicin concentration did not change significantly after the microemulsions were heated in 80°C for 10 d.
In Vitro Skin Permeation Studies Due to the narrow region of microemulsion with n-butanol as cosurfactant, only propylene glycol and ethanol were studied. These two alcohols are lowly irritant and toxic and they have been widely used as permeation enhancer for many drugs. [30] [31] [32] The steady-state flux of the tested formulations is presented in Table 2 . The permeation profiles of capsaicin through rat skins from different formulations were shown from Figs. 2 to 5. A steady increased permeation of capsaicin with time was shown. The permeation profiles of the microemulsions followed zero order release kinetics. Most of the steady-state fluxes of microemulsions were higher than those of the capsaicin cream, hydrogel and single solvent (t-test, pϽ0.05). Figure 2 showed that the enhancement of ratio of benzyl alcohol to propylene glycol led to the rise of permeation rate of capsaicin through the rat skin. F5 and F6 were arrayed on the line of F3 to water 100% and symmetrically at the two side of the line of 25% water in the phase diagram. So the ratio of benzyl alcohol to propylene glycol was fixed at 0.875. When the percentage of the concentration of water was 40%, the permeation rate was the highest. It may be because water can hydrate skin and cause the corneocytes to swell. Moreover, there are some lacunar domains in the stratum corneum embedded within the lipid bilayers. Under normal physiological conditions, these lacunae are scattered and discontinuous. Under condition of high concentration of water, the lacunae expand, interconnect and form a continuous "pore pathway". The formation of such a route would markedly enhance drug penetration. 33) Therefore, with the increasing amount of water in the system, the transdermal permeation rate of drug was improved, which is consistent with the previous studies. 15, 34) However, the content of benzyl alcohol and water are contradictive factors between each other. Microemulsion systems with more benzyl alcohol can accept little water and vice versa.
When using ethanol as cosurfactant, the permeation rate deceased slightly with the increase of ratio of benzyl alcohol to ethanol (ANOVA test, pϽ0.05) and the water concentration had little effect on the skin permeation (Fig. 3) . The results suggested that propylene glycol and ethanol have different mechanisms in penetration enhancement.
Tween 80 and propylene glycol are commonly used in the preparation of microemulsions. Propylene glycol has higher boiling point than ethanol which makes the microemulsion more stable. So the effect of Tween 80 with propylene glycol on the permeation rate was studied in this paper. The result was shown in Fig. 4 . The skin permeation rate of capsaicin decreased from 12.16Ϯ2.25 to 8.45Ϯ1.45 mg · cm Ϫ2 · h Ϫ1 as the ratio of surfactant to cosurfactant increased from 1 : 2 to 2 : 1 (ANOVA test, pϾ0.05). This finding was confirmed by previous studies which showed when the content of surfactant decreased, the skin permeation rate of drug increased. [13] [14] [15] The explanation may be that all of the studied drugs are lipophilic and their affinity to oil is greater than to water. As described previously, in the microemulsion, more surfactant can form steady film and load more oil in the droplets. This causes a decreased thermodynamic activity of the drug in microemulsion at the higher content of surfactant.
15) The thermodynamic activity of drug in the formulation is an important driving force for the release and penetration of the drug into skin. The thermodynamic driving force for release reflects the relative activities of the drug in different phases. 14) CONCLUSION A microemulsion system free of surfactants was investigated as a potential drug delivery systems for capsaicin. The microemulsion regions in the ternary systems composed of benzyl alcohol, water and propylene glycol, ethanol or n-butanol were characterized. Phase diagrams showed that propylene glycol and ethanol are potential cosurfactants to prepare surfactant-free microemulsion. DLS measurement can distinguish the systems from true solution and microemulsion. The dropsize of the microemulsions increases with the increase of Tween 80, but the in vitro permeation rate decreases with it. Higher content of benzyl alcohol and water leads to a higher permeation rate of capsaicin. In vitro permeation studies showed that microemulsions without surfactants have higher skin permeation rates than those of the cream, hydrogel and single solvent used in these experiments.
